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ABSTRAK 
Hidrogen sulfida (H2S) (ak) adalah salah satu bahan pencemar yang paling toksik dalam 
air sisa dari kilang penapisan petroleum. Ia sangat berbahaya kepada kesihatan manusia 
dan menyebabkan masalah terhadap alam sekitar dan ekonomi. Penyingkiran H2S (ak) 
dari simulasi air sisa penapisan petroleum menggunakan karbon teraktif yang dihasilkan 
daripada produk sampingan pertanian seperti tempurung kelapa (CNS), cengkerang biji 
sawit (PKS), dan habuk kayu papan (WSD) telah dikaji. Karbon teraktif yang diperolehi 
daripada CNS, PKS, dan WSD diaktifkan secara kimia menggunakan KOH. Karbon 
teraktif (ACs) diubah suai dengan penghamilan kalsium (Ca) yang diekstrak daripada 
kulit telur untuk menghasilkan karbon teraktif (IACs) iaitu Ca-ACCNS, Ca-ACPKS dan 
Ca-ACWSD. Ciri-ciri AC dan IAC yang disediakan akan dianalisis menggunakan SEM 
/ EDX, FTIR, BET, TGA, XRD dan XPS. Kajian perbandingan antara enam penjerap 
untuk penyingkiran H2S (ak) daripada simulasi air sisa telah dijalankan. Kajian 
penjerapan menunjukkan bahawa karbon teraktif PKS berasaskan Ca (AC-ACPKS) 
menunjukkan prestasi terbaik untuk penyingkiran H2S (ak). Kajian pengoptimuman 
untuk keadaan penyediaan penjerap terpilih (Ca-ACPKS) telah disiasat menggunakan 
Kaedah Permukaan Tindak Balas (RSM). Keadaan penyediaan seperti suhu kalsinasi, 
kepekatan larutan kalsium, dan masa penyentuhan kalsin dioptimumkan. Keadaan 
penyediaan optimum Ca-ACPKS diperolehi pada suhu kalsinasi 880 °C, kepekatan 
larutan kalsium 49.31 V%, dan masa hubugan penyentuhan kalsinasi selama 57.5 min. 
Selain itu, faktor-faktor keadaan seperti kepekatan awal H2S (ak), masa penyentuhan 
jerapan, dos, larutan pH, dan kelajuan pengocakan pada mulanya ditapis menggunakan 
dua pendekatan tahap faktorial. Keputusan menunjukkan bahawa kesan kepekatan awal 
H2S (ak), masa penyentuhan jerapan dan dos adalah penting untuk penyingkiran H2S (ak). 
Tambahan pula, ketiga-tiga parameter keadaan ini disiasat menggunakan teknik reka 
bentuk composite pusat (CCD) melalui RSM dan keadaan optimum yang diperoleh bagi 
kepekatan awal H2S (ak) ialah 440 mg / L, masa penyentuhan jerapan sebanyak 585 min, 
dan 1.05 g Ca -ACPKS. Keadaan operasi yang optimum menghasilkan kecekapan 
penyingkiran sebanyak 99.5% dengan kepekatan pada keseimbangan (0.5-2.2 mg/L) yang 
berdekatan dengan piawaian Jabatan Alam Sekitar (JAS) B (0.5 mg/L) menggunakan air 
sisa sebenar. Kajian kinetik mengenai keadaan penjerapan Ca-ACPKS telah 
menunjukkan bahawa isotherm penjerapan Freundlich lebih sesuai dan proses penjerapan 
mengikuti model kinetik urutan Pseudo-kedua. Kapasiti penjerapan maksimum Ca-
ACPKS adalah 543.4 mg/g. Disimpulkan bahawa CaACPKS adalah penjerap yang 
berkesan untuk penyingkiran H2S (ak) dari air sisa simulasi. 
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ABSTARCT 
Hydrogen sulfide (H2S) (aq) is one of the most toxic pollutants in petroleum refinery 
waste water. It is very harmful to human health and causes environmental and economic 
problems. The removal of H2S (aq) from a simulated petroleum refinery waste water 
using activated carbons produced from agricultural by-product such as, coconut shell 
(CNS), palm kernel shell (PKS), and wood sawdust (WSD) were investigated. The 
activated carbons obtained from the CNS, PKS, and WSD were chemically activated 
using KOH. The activated carbons (ACs) were modified by impregnating with calcium 
(Ca) extracted from egg shells to produce impregnated activated carbons (IACs) namely 
Ca-ACCNS, Ca-ACPKS and Ca-ACWSD. The prepared ACs and IACs were 
characterized using SEM/EDX, FTIR, BET, TGA, XRD and XPS. Comparative studies 
between all the six adsorbents for the removal of H2S (aq) from the simulated waste water 
were carried out. The adsorption studies revealed that Ca-modified PKS-based activated 
carbon (Ca-ACPKS) has shown best performance for the removal of H2S (aq). An 
optimization studies for the preparation conditions of the selected adsorbent (Ca-ACPKS) 
was investigated using Response Surface Methodology (RSM) and the optimum 
preparation conditions were found to be calcination temperature of 880 °C, calcium 
solution concentration of 49.31 %v, and calcination time of 57.5 min with removal 
efficiency of 99.2% and yield of 33.8%. Moreover, operating factors such as initial 
concentration of H2S (aq), adsorption contact time, dosage, pH of solution, and agitation 
speed were initially screened using 2 level factorial approach and the resulted significant 
factors were initial concentration of H2S (aq), adsorption contact time, and dosage were 
significant on the removal of H2S (aq). Furthermore, the effect of these three operating 
parameters were investigated using the central composite design (CCD) techniques of 
RSM and the optimum conditions obtained were initial concentration of H2S of 440 mg/L, 
adsorption contact time of 585 min, and dosage of 1.05 g Ca-ACPKS. The optimum 
operating conditions resulted in a removal efficiency of 99.5% with equilibrium 
concentration (0.5-2.2 mg/L) which was close to Department of Environment (DOE) 
standard B (0.5 mg/L) using real waste water. The kinetic studies of the adsorption 
behaviour of Ca-ACPKS have shown that Freundlich adsorption isotherm was fitted well 
and the adsorption process followed Pseudo- second order kinetic model. The maximum 
adsorption capacity of Ca-ACPKS was 543.4 mg/g. It can be concluded that Ca-ACPKS 
has an effective adsorbent for the removal of H2S (aq) from simulated waste water. 
